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arly and accessible screening tools for gestational diabetes mellitus are needed to improve pregnancyrelated outcomes for women and children. 1 Diagnostic tools currently used for gestational diabetes (most commonly the fasting oral glucose tolerance test) are expensive, time-consuming, uncomfortable for pregnant women and do not allow diagnosis before the end of the second trimester of pregnancy. 2 Some earlier screening tools have been suggested, such as a 50-g glucose load followed by a one-hour plasma glucose analysis that can be performed at any time of the day and early in pregnancy. Although this test is less uncomfortable than the fasting oral glucose tolerance test, it remains time-consuming and unpleasant for women. Its use is therefore restricted mainly to women at risk for gestational diabetes.
Several attempts have been made to simplify these tests to promote wider use. However, no results have yet identified the means to carry out early and widely accessible screening. Interesting positive and negative predictive values have been obtained for first-trimester fasting glucose and insulin for subsequent gestational diabetes expression. [3] [4] [5] However, these studies have been performed among women at risk of gestational diabetes and should be replicated in samples of women with various risk levels. Regardless of pregnancy, a person with normal fasting glucose can still meet the criteria for glucose intolerance or diabetes during an oral glucose tolerance test. Several studies have also shown that maternal prepregnancy obesity is directly associated with an increased risk of gestational diabetes. However, results vary widely across studies, possibly because of lack of specificity of tools for measurement of adiposity. 6 A recent study has suggested that abdominal visceral adiposity, specifically, is associated with risk of gestational diabetes expression. 7 The hypertriglyceridemic-waist phenotype has been identified as a simple, easily available clinical marker of visceral obesity and related metabolic abnormalities. 8, 9 It is defined as the simultaneous presence of abdominal obesity (i.e., a waist girth greater than 85 cm in women or greater than 90 cm in men) and hypertriglyceridemia (i.e., a triglyceride concentration ≥ 2 mmol/L). The aim of our study was to document the association between the presence of the hypertriglyceridemicwaist phenotype in early pregnancy and impaired glucose tolerance in later pregnancy.
Methods
Participants and clinical data Our prospective cohort study comprised a sample of 144 French-Canadian white women with a singleton pregnancy who were each recruited at the beginning of their routine obstetric follow-up at Chicoutimi Hospital. All participants were sequentially recruited during their first visit, between Background: Abdominal visceral adiposity in early pregnancy has been associated with impaired glucose tolerance in later pregnancy. The "hypertriglyceridemic waist" phenotype (i.e., abdominal obesity in combination with hypertriglyceridemia) is a clinical marker of visceral obesity. Our study aimed to assess the association between the hypertriglyceridemic-waist phenotype in early pregnancy and glucose intolerance in later pregnancy.
Methods: Plasma triglycerides and waist girth were measured at 11-14 weeks of gestation among 144 white pregnant women. Glycemia was measured following a 75-g oral glucose tolerance test performed at 24-28 weeks of gestation.
Results:
A waist girth greater than 85 cm in combination with a triglyceride level ≥ 1.7 mmol/L in the first trimester was associated with an increased risk of two-hour glucose ≥ 7.8 mmol/L following the 75-g oral glucose tolerance test (odds ratio [OR] 6.1, p = 0.002). This risk remained significant even after we controlled for maternal age, fasting glucose at first trimester and previous history of gestational diabetes (OR 4.7, p = 0.02).
Interpretation: Measurement of waist girth in combination with measurement of triglyceride concentrations in the first trimester of pregnancy could improve early screening for gestational glucose intolerance.
October 2006 and June 2009. We excluded women older than 40 years of age, women who had type 1 or type 2 diabetes or other disorders known to affect glucose metabolism before pregnancy, and women with a positive history of alcohol or drug abuse during their current pregnancy. Waist girth was determined at 11-14 weeks of gestation according to the standardized procedures of the Airlie conference. 10 Measurement was performed at the mid-distance between the iliac crest and last rib margin while the woman was in a standing position, after normal expiration.
Written informed consent was obtained from all participants, and all clinical data were denominalized. The Chicoutimi Hospital Ethics Committee approved this project in accordance with the Declaration of Helsinki.
Biochemical analysis
Blood samples were obtained from the antecubital vein in the first trimester of pregnancy (i.e., 11-14 weeks of gestation) after a 12-hour overnight fast. Following centrifugation, plasma glucose concentrations were measured by the glucose oxidase method and plasma total triglyceride concentrations using enzymatic hydrolysis, on a Multiparity Analyzer CX7 (Beckman Instruments, Fullerton, USA). Plasma glucose concentrations were also measured at 0 and 120 minutes after a 12-hour fasting 75-g oral glucose tolerance test performed at 24-28 weeks of gestation.
Statistical analysis
Participants were divided into four groups according to waist girth (≤ 85 or > 85 cm) and triglyceride concentrations (< 1.7 or ≥ 1.7 mmol/L). The waist girth cut point of 85 cm was chosen based on the definition of the hypertriglyceridemic waist. 8 However, considering the age of the participants and their relatively good metabolic condition, the more stringent recommended criteria of 1.7 mmol/L was chosen instead of 2 mmol/L. Multivariate logistic regression models were built to calculate the relative odds of exhibiting a two-hour glucose level ≥ 7.8 mmol/L following the 75-g oral glucose tolerance test associated with these waist-triglyceride groups. The group characterized by both low waist girth and low triglyceride values was considered to be the reference group to which an odds ratio (OR) of one was set for comparison purposes. P values were two-sided.
Results
Characteristics of participants are shown in Table 1 . Of the 144 women included in this study, 19 had a previous history of gestational diabetes. Mean maternal age of participants was 28.3 (SD 3.9) years. At 11-14 weeks of gestation, their mean waist girth was 87.6 (SD 13.4) cm, mean plasma triglyceride concentration was 1. Abdominal obesity (waist > 85 cm) in combination with hypertriglyceridemia (triglyceride concentration ≥ 1.7 mmol/L) in the first trimester of pregnancy was associated with an increased risk of exhibiting a two-hour glucose level ≥ 7.8 mmol/L after the second trimester 75-g oral glucose tolerance test (OR 6.1; p = 0.002) ( Table 2 ). This risk remained significant after we controlled for maternal age, fasting glucose at first trimester and previous history of gestational diabetes (OR 4.7; p = 0.02). The risk was not significantly increased among women with a waist circumference > 85 cm but with triglycerides < 1.7 mmol/L during the first trimester.
Notably, the trend in the odds of exhibiting a two-hour glucose ≥ 7.8 mmol/L remains the same when using cut points of 88 cm for waist circumference and 2 mmol/L for triglyceride levels. However, this analysis did not reach significance, probably because these more stringent criteria reduced the size of the last group (waist > 88 cm and triglyceride concentration ≥ 2.0 mmol/L). The same trends were also observed using the criteria of the Canadian Diabetes Association for glucose intolerance (data not shown). Considering Table 1 their nonsignificant effect (p > 0.1), body mass index and family history of diabetes were not included in the multivariate model.
Interpretation
We found that the simultaneous presence of abdominal obesity and hypertriglyceridemia in the first trimester is associated with a significantly increased risk of glucose intolerance later in pregnancy. Gestational diabetes is a major public health concern and could lead to deleterious short-and longterm consequences for both women and their children. 11, 12 In response to the increasing prevalence of obesity and unfavourable lifestyle habits worldwide, gestational diabetes may be expected to become significantly more frequent in the next years. 13 This trend will inevitably compel the development of early, clinically accessible means to screen for gestational diabetes in order to improve preventive strategies. 1 Our results suggest that the hypertriglyceridemic-waist phenotype could be a practical early screening tool for gestational diabetes. Although some observations have suggested that first-trimester fasting hyperglycemia could also be a significant predictor of gestational diabetes expression, 3,4 our results were observed among women who all had a normal first-trimester fasting glucose level.
The hypertriglyceridemic-waist phenotype is known as a simple, easily available marker of visceral obesity. 8, 9 Our results agree with those of Martin and colleagues, 7 which showed the measurement of visceral adiposity in early pregnancy to be associated with risk for gestational glucose intolerance. However, visceral adiposity is measured using ultrasonography, which is not easily accessible, especially at the beginning of pregnancy when follow-up often takes place in small obstetrics and general practice clinics. Access to hospital technology such as ultrasonography comes only later during pregnancy, and usually not before the second trimester. This delayed access is particularly true in remote areas. In some isolated communities, this technology is simply not accessible, or trained staff is not available. Consequently, although Martin's results are very promising for early gestational diabetes screening, they are not easily transferable to current clinical practice. Our results have the advantage of suggesting an alternative early screening tool for gestational glucose intolerance that is simple, readily accessible and inexpensive. 7 
Strengths and limitations
We chose the criteria of the World Health Organization to define gestational glucose intolerance on the basis of their worldwide use. As well, we set out to study metabolism by means of intermediate glucose intolerance instead of gestational diabetes. 14, 15 We believe this choice to be a strength of our study. A large cohort study found that women without gestational diabetes and only mildly elevated glucose concentrations during pregnancy had an increased risk of postpartum diabetes and may benefit from increased (and early) monitoring of their glucose metabolism during pregnancy. 16 Our results suggest a way to estimate individual risk to improve this kind of close monitoring.
One limitation of our study was our modest sample size. It did not allow for the various subdivisions (e.g., by parity) that would help to better document the usefulness of the hypertriglyceridemic-waist phenotype in the identification of women with a higher risk of gestational glucose intolerance or diabetes. Information obtained from previous pregnancies is very useful to evaluate the risk of glucose metabolism perturbations, or other gestational perturbations, during prenatal follow-up. This information is, of course, unavailable for primiparous women. Therefore, the replication of our results in a sample including only primiparous women would be even more important for this population. It would open the door to the development of an additional tool to help assess individual risks. In addition, a larger sample would allow for identification of optimal waist girth and plasma triglyceride concentration cut points. In the present study, we chose the cut point of 85 cm for waist girth based on the definition of the hypertriglyceridemic-waist phenotype proposed by Lemieux and colleagues, 8, 17 and we decided to use the more stringent recommended criteria of 1.7 mmol/L. 18 Our results should be replicated in larger samples and diversified populations in order to identify the optimal cut points.
Other limitations of our study were the ethnic homogeneity of participants and their follow-up in a single centre. However, we do not believe that this is a major concern for the generalization of our results, considering that the hypertriglyceridemicwaist phenotype on which our hypothesis was based has been shown to be a significant marker of visceral obesity and related glucose metabolism perturbations in various diversified populations.
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Conclusion
Measurement of waist girth in combination with triglyceride concentrations in the first trimester of pregnancy may be useful in the improvement of early screening for gestational diabetes. Our results have yet to be replicated in larger samples and diversified populations, or with various ranges of gestational glucose intolerance. Further research is needed to identify optimal waist girth and plasma triglyceride cut points for this population and to evaluate the hypertriglyceridemic-waist phenotype as a potential screening or diagnostic test.
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